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ANTENNA-e013PIJNG APPARATUS FOR-A GGRDLESS 

TELEPHONE 

Field of ilie Inventum 

5 

The present invention relates generally to the field of 
communications and particularly to antenna coupling for 
cordless telephones. 

10 Background of the Invention 

The conventional means for coupling signals, in 
portable two-way radios and pagers, between the antenna and 
the signal processor has been through the use of a coaxial 

1 5 connector found within the housing of the particular device. 

A difficulty exists whenever KF energy must be transferred 
between objects that rotate relative to one another* Sliding 
contacts are one solution but they have a limited life due to/ 
wear and may cause electrical noise. Flexible cables are an- 

2 0 other solution but these limit the rotation, can cause noise,: 

and have a limited flexing life. There is a resulting need for a 
smaU, inexpensive, and reUable meaixs for rouplm 
ergy between two moving parts. 

25 ' ' Summary of flie lnvMi^ 



* .:t ^ : . t r ; /The;appara 

antenna coupling apparatus for a wireless commum cation | 
; device. The telephone has tra^ceiving means fof'^jbraiisxQit- i 
3 0^ , adg and receiving sigzials.: The: transceiving mea^i^ is cbupledj 
■ — ^to-cui-antenna-by-the-ant^nna pouplin apparatiig^^. ;.Xn on^ em-. 



bqdiment, the apparatus isjcoiuprised of a first and secon<i 
plate coupled to the t^ansdeiving means aiid a third and 
^ !\ fourth plate coupled to the antenna. The third plate is i v 
,..3 5 capadtively coupled to the first plate and separateclr&om ^e 
■ first plate by a first dielectric material. The fourtht plate is 
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capadtively coupled tp^^e second plat^a^d separated from, 
the second plate :by a seconddielectric m^teiial. 



Brief Pescrj^cia the 



5 



J : FIG. 1 shows a perspiectiye yiew of a hand-held radio* 
^ telephone ,^ing.1^ a^^nna ^ouplixi^ apparati^^ of the 

t -presejat invention,..;'. ^r. , - . 
,5 V ' :^Q-2 shows a detailed view of the flntonnn coupling 

c 1 Pvr r^pparftus-of th^;p^^^ an antenna in a 

hingfd' element, i . , . , / • ^ , , , 

^TQ. 3 sl^QLWS .a fiici of the.eief±ncal equivalent of 

. ' - v.? J ; : tl^f^r ^tema., coupli^g^ apparat^s^. , . , i 
y>Pi^ Mj:: r a Ji?£=^ 4 a blodk dmgram;^f a radiotele- 

• ^ n * . The £uitenna coupling ap 

i w > ^ r ; iaon capa 
t ^- ^ ' electrom of the device. The cou- 

I : ' :r ; i plix% appai-atus. achieves the contecte or 

w: - -2^5:;, Jbadbleicahles.^^^ v ■: j,;^ ii*r).....cA. ? 

^ iq r. fr-i V .FIG. X illustrate^ ^ poitable radiQtelephone in which 

^ / otl^ saatennarCGtipMng a^ invention can 

:\ i^l^ usedP The r^cSotelepho^^ 
r M iKHif ; and ahinged*eIemeiSt (102X ^^e^^ hingfid element (102) is at- 
. r: . 3 0 t&ched to thenminhody (lOlXthrpu^ The antexma 

- * I ; , couplin]^ apparatus (193) is QoanaUy^^ 

shown in the cutaway portion of FIG. 1. > 

* i : ) ' The main body>(101) conte^ 

V ;;r;i' i*-^ ; ^ ^ Mtheiother electrozucs required by t^ A 
u . I O 'i 3>5 : simpMed block (401) and the 

c .^ aj ov i* ^ other electronics is iUustrate4 in FIG. 4^; Eeferring again to 
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jaq - yiQ^L -js tKri liingWii telement <:i02) contains tile- antenna (110) 
• tiiat li coupled'^to- the f^iWr (401) by the antenna coupling 
apparatus (103). This antenna is shown in the cut-away por- 
tion of th& hinged element (102). 
5 Illustrated in FIG. 2 is a detailed view of the antenna/ 

match sthicture of the present invention. The antenna (110) is 
cc^a^zised iof a condiil^veldop with a c^adtive load provided 
by an air gap (120). The input ^pedanoe of the nnt^rmn is 
' " Tnfftcby<f' v""g W':WmtiAingf riiBtwor^'^xisisting of shunt and 

' 10 seriek^cagadtors. The^shtdit'^^^ 

gap (208) at the antenna's feediibihtl' 'i^d 'series capadtance is 
'. 1 ; . t r-. ' -'^rovided%y two iiaraild^p^^ (201 and 202) that also 

function as th^ contactlesisl x^bt&tihg; 4i^Upli&g apparatus (103) 
iV 'fof^ ijp sjgjij^ aj^^nna to the receiving 

1 5 apparatus located in the main body of tlfe'^fadiot^ephone. 

r.. ij^ iHu^tr^ted^ FKx.'^v'^tl&e antenna coupling appara- 
tus (103) is comprised of two sets of xxsfetal {jlates (201 and 202), 
eadi set forming a capadtor. The conductive plates (203 - 206) 
are cd^ali/ locatcfd ^tli tme adothefr^^ and coazially located 
2 0 witii the center of rotation of the mechanical hinge between 
the two piSrtionis df thd'radidtele^onel One plate from each 
n.'. I w *>> ce^adtojr is'^^ieleefcxiically cdn^ck^^ ^ 
' , ! - of the antetuia Btract^H^-^^ to the 

' : C ' ' ■ r *v.fa^itia^f>'ilrtannnf-i02yogrite A the preferred 

2 5 embodiment, the outer pkft&s^205^d'2d6>i3r the- two capad- 
.:i <t5i^suN^ the'bnirc»nn& The inner plate 

< .r-^*w (jf e^Echeelpiidtbr (20SLand 'S2(M)is e 
. ^.' '^ r i^^t ofth6'i«~deiv«riim<iimed3anik^ to the main 

> . ) . (101) of tfie rddibtelephoiie. <In an alternate embodimoat, 
n 30 ..j^Wo iiiw^y plitttAB fgfli.^ saiiA ZfiA^ Are eonneetied to the antenna 
— —. — - u t . M .' -J feed find'^e^ outer pi^ieS'(20&»and 206>" are 'connected to the re- 
ceiver inpiits. "V-. in., i. > ^ ■ 
. ; f ' ' h .i In th^ j^eferired^embddiment, the inner plates (203 and 
i '204) are free ta move in the'directicm^paralli^ to the hinge axis. 
'' 3 S A spiing (207)18 ioM^ed to the iaher pIkteB'(203 s^d 204) via di- 
. . : electxic^blocks (214: mid.21^).'_Spring:|jrCT con- 
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' ' \ Btant spacing between iiie plates of the capacitors (201 and 

202), thus mflLiTitainlng constant jpapadtai^jce in spite of me- 
chanical tolerances in the; hinge asi^embly. The metal plates 
- (203 - 206) areiseparated by didectrie layers., 
if • : ?c 5 La the preferred eix^odiment, the dielectric layers are 

' i n : i /each comprised of two indiyidtml jlab% of dielectric (210 and 
: : ; ■ M - : r In each la^rf Qne 8lah(210and212)is 

r - i MffixBd to the inner metdl plate (2Q4 and i203)^Lnd one slab (211 
e . ^ ^ /as[d'213) is, affisedf to the outer metal plate (205 and 206). The 
* r 1 0 > > dielectrifc' slabs C2 M) ? 213) define the plate spadng and prevent 
p ' . > ) . . ^ ; K ^rasion of thB plates 1203 r 206). In an lalte^rnate embodiment, 
; b V > \ T r * the dielectde layers xnayxonsist of a nxzmbex: of dielectric slabs 

other than two, or of an air 'gap betweenr the; plates. 
r> d r/ i iThe spnng (207)xouId be delated t» form an 
i : rl S l^embbdimentM wMch the im 
^ ^ r .^fe;to mpvelater^^ ^e«,rln this case, the 

' t :^ J u rdi^ectdc blocks ;(214 ^d 215) ^would fbi^n^ o2ie solid block. 
> ' 3 ; r ^7 . ,A sche33mtic diagram; o^ the equivalent circuit of the an- 
temm/couple stnicture id fllustrated in FIO. 3. The input 
i V ' ' : Z 0 . impedance of jthe :fi£^ represented by impedance !^ 

; ' . ^ (302). Capadtor (30D is thd phunt'capacitajace. Capacitors 
/ ^ > (3Q3 and 304) pifo^ 

h ^ ■ K , ^ I. ^ - itorst ofiihe tdtaMng ^jcouplic^. £^paratu&»^^ . , 4- 

: V A H ^ ^ Si tMthdug&the spedfic Example of a^^aipadtively loaded 
> . .1 . :r J 25^^ loop antenna ^as used for i^ antenna 
s\ . if : Hcot^Hng s^pjparatus of thfe pi^esent inventioii may employ any 
* i ; i V Noit^isithe a^itenna coupling ap* 

; |)smtus liEnitedlto 12^ 
- . n ^ tive matciing-iietwDrk used lor tl^ The apparatus 

' B n V. , : ; B 0 ; ^ may use? & generalized matdiing network ;with anf arbitrary 
M :'j laumber of components, provided^^iat one component is a 
: b:. 'series capadtance othat<can^{b^^^ 

J . ' capacitors^dmt comprise the rotating coupling. 

3: .V I v ^ithe preferred embodiment^rthe antenna of the pre- 
35 I sent mvenlion is coimected only t^^^^^ 

telephone. In alternate embodiments, the antenna can be 
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to connected to thfe -transimtter also to be used as both a receive 
" and -transmit antenna. 
, ^ - : ' ^In tile pifeefezted embodiment^ the plates (203 • 206) are 

aU the sam6 8iz!i^ azid drcular4n shape. This allows the hinge 
f ^ , ! 5 . to rotate without dian^^ing the capacitance of the coupling. 

Alternate embodiments of the antenna couphng apparatus 
i i lu \ ^)tovld use difierent siies and shapes for the capacitor plates, 
^ependih? on the« iseries capadtanic^ required. For example, 
. / ' the characteristics' of thie^xhktGhin^^ 

. ^ i ;:1 0 change to maintmn aiitSezii^ opersibiHty^when a^p antenna 
« V f . ' : ia^i£ the dosed jjosftioj^ lb ^tlufi case, plates^ without drcular 
?. H ^s^^dimetiy cotild be used ta generate 

' Versus rotation diaracteristic/i .vi 
' - i :u t ^ .Axiother^dternatel^nliodii^ the present invention 
15 1 li^iQustrated in FIGv^5. The plates in: this embodiment are 
located drcumferentiaDy inrther hinge, n .The two circular core 
,<i:r • ^ plates (50i and S02) that aire' conneKftedto'/th^ of the 
\> ^ ' * recover are mounted^ to the itoainl^ 

' 0 * ' * ' outer platee^ (503 and 504) that are condtectedtto the antenna 
^ 2 0 ' ' (110) are Induiited to^ the hiiiged element (102). The hinged 
V eletnent plates C50d and 504) have a larger drcumference than 

the main body plates ^SOl) iaizid 502);^ Husifiillaws the main body 
plates (501 agi/i 502) to routes within- the hinged element plates 
I:, ; ^ (503^aLnd'504):; dLelecfxic material '^'^located between the 
t r . 2i5 outer and inner ^platea to . prevent: rubbing^cohtadt.!' Thie volume 
: :internal'to|date (5C)S) but external to plate (5^ 
, : . capadtora(303) of ;IIG^3 whileithe volume internal t^ 
i: V ^ c : (5O40 and.^xterxial to plate (502) £brais capadtor (304). 
. ; The preferred embodiment iise&^an antenna that re- 

^ 3 0 ' qid»s a 'balanced feed.> ^Tw<rBF connections, therefore, must 
• h nri ube madeuacross theihinge and'two parallel-plate capadtors 

: ' . I (201 afid 202) are .required^: An alternate embodiment could 
utilize an .unbalanced :antenn& ^structure; , In this case, only 
* ;'>q ' ijTone l^ connection wotold be made across the hinge and only 

i: . 3 5: -OTie parallrf^plate '.capadtor would bovrecjuired. v C 
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- - '^-^ ' ^ .i^^i 

, 1. An ajatexma copplii^g^ apparatus for, a wireless commtinica- 
tion device comprised of a main hpdj and a hinged element, 
5 the TnnTTi body and the hinged element being coupliad by a 
r ; * [ ^ ^ > ^ idpge* the m ^ m body having; transc^iying/^eans and the 
^ hinged element Im^g an ante 

.^rl , a . -a; firat andisstond plate located^ coa^i^Ily in the hinge 
i i 0 , 1 and coupled $0 t^ei transcjeiving means; and v \ 

a third and fourth plate Icq^ted coaxially in the hinge 
\. , , : . / and icoupled tp the> a3;Ltenna, tljie third plate capacitively 

coupled to the &st j^te and &om the first plate by a 

.7 ; : ^iBt dielectinic material^ tihe feui^ plat^ capacitively coupled 
vl^S I > ' ; to the seqond plate:and Steparated &om th& second plate by a 
. : - . . secorid^ dijeleotric^n^ateiiial. 5* - . : * j / - 



2. The anteima coupling apparatus of claim 1 wherein the 
:.firat,-8econdyf jJbix and fourth plates, are circular and have 
20: ^suJ^st^tiaUy the: same dimensiDns. I ^ / . " 

; « i( ■ : ,5<:;A,rac3iQt^lephone for ol)era$in^^ envi- 
; ^ : : ( , ^ r ^ rpjiTnent,r thfe radiotelephone frepeiving radiols^ephyone signals 
with an antenna, the radiotelephone c&tnptising: 

1 u\ ^^ lQ^5i.,r ;^\oij^ >TS^eivingtoeansifor processing the rece^^^ 

; V> u r'in r <: ^aJhinged section containing thie ante^ 
; ■ \ ^ . i u i ^ -hifc^e means ^for coupling the hinged se^ 
G^ O (a^nain body^ the hioge means Icompnshig: .: i 

. / j , afi3fst:and second plate coupled ta the receiving 

■ n.,; rmeans^t^/'v . - ■ - :.. \ ^ 



^ t ^ ; 



a spring for maintaining a pz^edetermined dis- 



tance between the first and second plates; and 
3 5 a third and fourth plate coupled to the antenna, 

the third plate cajpadtively coupled to the first p^ 
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separated from the first plate by a first dielectric mate- 
rial, the fpurth plate capadtively coupled to the second 

■ ^ - ' ■ plate' ^aiid separated from* the'^second plate by a second 
: ' ^- ' ■ ^ dielectric materiall ^ > 

« * ' 4. Avrctatilstg, cox^ctless, coupling apparatiUs for a device 
cdmpHsed of a main! 'body ^aCnd a hinged eleih^nt, the Tnain 
body and the hinged element being coupled' by^ia hinge, the 
I • main body having -a first cilelstancal^'ap|>£u^ and the hinged 

1 0 element haviSig a' Beddnd eleciiicdl^^^pkratug, the* coupling 
: ^* apparatus^ camprisittgi ■ E^*'^ " 

i o.^Grst aild^ Second iflat^lbcfdtfed'^i^^ and coupled 

; :yto the first electricM ai^p^tug^^^ - ■ 

I- - . L:. a'tMrd ^afld fourth plate loeate^^^ and 
' J 15 ' coupled to th^ second electziddl s^S^atu&^ 

capacitively coupled to 4he first plat^ akd th6- fourth plate ^ 
capadtively coupled to the second plate. 

t n * : 5. A rotating^ cohtactlessi caSupEng apptoati^^ 

2 0 comprised of a main body and a^hi&l^ed- element, the main 

body and the hinged element being coupled by a hinge, the 
i M ^[lain body ihavm^g: a first 'blectrical appara^s and the hinged 
r:; Hfement!having a secc&d i^^^^ 
*;t apparatus coinpri^ing:" i*n •F.^-r .ly nilr/ 

■ .Ihi ' 2 '5 o ; : : ra firsti^andosecond platedojcatted xdf cumferen^^ly in the 

hinge and coupled to the first eledtricacl apparatus; and 
: . 1 f ' ^ a third ah<i ^fourth plate located drcumferentially in the 
' I ; ;hinge and.rcb^pled: to^liie secondi electxical apparatus, the third 
; < plate capacitively co:upled to^the first plate and the fourth plate 

3 0 capadtively coupled to the^second plate, ihe third aiid fourth 

^ u v ' b o piates being Idqated at' d smaller drcumference than the first 
and second plates thus allowing liic third and fourth plates to 
hu: X rotate i«dthin'tli'eidrcumferehce?of the first and second plates. 

'-1 •* ^-J" *^ ^. ' \ - • . . : V . ' ' *' c Z 
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